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EXPERIMENTAL PRODUCTION OF CRETIN-LIKE RATS*
RUSSELL J. BARRNETTt
Introduction
Cretinism is a term frequently applied to forms of thyroid deficiency
occurring in utero or early in extra-uterine existence. Experimental cretin-
ism probably had its beginnitgs in the first recorded extirpation of the
thyroid in young animals, which seems to have been performed by
Raynard' in 1834. Two years later, Astley Cooper' published his observa-
tions on thyroid extirpation in pups. His animals recovered, but suffered
from "stupidity and malaise." It was not until the careful work of Schiff
that any extended observations were made. He demonstrated the first
undoubted hypothyroid symptoms due to experimental thyroidectomy and
attempted toimprove the symptoms by thyroid grafts.' Following this work,
observations of the effect of thyroidectomy on young animals were reported
by many capable workers.''-" A difference in operative results has been
shown between young and old animals, carnivora and herbivora.' More
recently the results of thyroidectomy in newborn rats have been reported."
Other experimental methods have been used to produce cretins. Subtotal
thyroidectomy of a pregnant animal was shown to result in a high degree
of thyroid hyperplasia in the offspring.' If after subtotal thyroidectomy
in pregnant dogs iodine was withheld from the diet, litters were produced
which all showed extreme hyperplasia of the pups' thyroids and existence
of cretin-like characteristics in the pups. If iodine was fed to the pregnant
animals, the resulting litter was perfectly normal.19 Harington" believes
that the aforementioned method is precisely the way human cretins get
their start, with the thyroid terminating in fibrous atrophy.
Morgan and Ivy' made use of an antithyroglobulin antibody in newborn
rabbits and found that growth was retarded, and that the animals showed
"shaggy hair, pot bellies and apathy." Thyroid glands in these animals
were smaller than normal, but the histology was not reported. Administra-
tion of thyroxine to pregnant dogs and rats was said by Cunningham7 to
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produce cretin-like characteristics in the offspring; but no anatomical
studies were done.
In 1941 MacKenzie, MacKenzie, and McCollum"' found that the
sulfonamides were goitrogenic despite a high intake of iodine. Astwood,'
soon after, reported that thiourea derivatives, aminobenzines, and sul-
fonamides possessed similar goitrogenic properties. Treatment of experi-
mental animals with these substances produced hyperplasia of the thyroid,
a fall in basal metabolic rate, and histological changes in the pituitary
closely resembling those which follow thyroidectomy. Thiouracil appeared
to be the most potent thyroid depressant of these new drugs.'
Shortly after the discovery of the antithyroid drugs which produced
goiter and hypothyroidism in experimental animals, it occurred to various
investigators that these substances could be used to produce a cretin-like
state. The first such experiments were reported by Hughes in 1944, who
produced cretinism by injecting thiouracil subcutaneously into newborn
rats.' Growth was inhibited markedly in these animals.
The following experiments were designed in an effort to elucidate further
some changes in the physiology of the experimental cretin-like animal.
They were set up as an alternative to thyroidectomy as a method of induc-
ing hypothyroidism in a young animal. Since it has been established that
thyroid activity can be inhibited by the use of antithyroid drugs, it was
decided to use one of these drugs, thiouracil, to determine its effect upon
the early development of the rat.
Methods
Female rats of the Sprague-Dawley strain were raised in a constant temperature
room at 76°-78°F. When these rats weighed 180-200 gms., they were mated according
to the method described by Long and Evans."7 Vaginal smears were taken daily. If in
estrus, these *rats were immediately mated with virile males of the same strain. If
sperm or cervical plug was found on the next vaginal smear taken within twelve hours,
the female rats were assumed pregnant, and started on thiouracil. This drug was
administered thoroughly mixed in the animals' diet (ground purina chow or calf
meal), from which the treated animals were allowed to feed ad libitum. Three dosage
levels of thiouracil were administered in this manner to three groups of pregnant
female rats throughout the period of gestation and suckling, as follows: 0.25%o (0.25
gm. thiouracil per 100 gm. of feed), 0.50%, and 1%. Although there were no significant
differences in the number of progeny produced by the thiouracil-treated and normal
female rats, all litters were reduced to six animals following birth. In the treated
group of rats, at weaning, the same amount of thiouracil was fed to each of the
progeny as was fed to the maternal rat in the diet as described above. Control litters
of untreated animals were raised concurrently.
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Results
Placental transmnission. A group of eight normal pregnant rats was fed
0.5 gm. of thiouracil per 100 gm. of diet (0.5%o) for twenty days. This
amounted to an average of 1.485 gm. of thiouracil for this period per rat,
or 0.074 gm. per rat per day. At the end of twenty days the pregnant rats
were sacrificed and the fetuses collected, washed, and stored in an icebox.
The same procedure was carried out on eight control pregnant rats and
their litters, to which no drug was administered. All of these fetuses were
then fed to four normal female adult rats of the same age and weight, at
the rate of three fetuses each day per rat. All other food was withheld. At
the end of six days these ani-
mals were sacrificed and the
CONTROLS thyroid glands of the normal
fetus-fed and thiouracil fetus-
I2C K o fed group were compared.
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on thiouracil fetuses showed
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FIG. 2. Growth rates of treated and untreated nonetheless, and comparable
suckling rats. with that seen in thyroids of
animals fed about 0.1%o thio-
uracil for a similar length of time (see Fig. 1). The thyroids of the rats
fed normal fetuses did not vary histologically from the thyroids of untreated
stock animals of the same age and sex.
Transmammary effect. Six untreated mother rats of newborn normal
litters were fed 0.5 gm. of thiouracil per 100 gm. of diet on the day of
delivery of the normal litters and on succeeding days. This amounted to
an average of 0.088 gm. of thiouracil per rat per day over a twenty-day
period. The growth rate of these suckled animals was compared with the
growth rate of six normal litters (see Fig. 2). By the tenth day there was
an apparent difference in the daily weight curves; this difference became
more marked by the time of weaning. Thyroid glands of the infant rats
which were suckled by thiouracil-fed mothers were examined on the seventh
and fourteenth days. Evidence of thyroid hyperplasia was found on the
seventh day. The acinar cells were enlarged, the colloid was less abundant
and stained less densely than that of the glands of the normal animals of
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the same age. By the fourteenth day there was marked hyperplasia accom-
panied by enlargement and engorgement of the thyroid gland. At this time
the weight of the thyroid glands of twenty treated animals averaged 5 mgm.
greater than the average weight of the thyroids of the twenty untreated
animals, which at this age was 1 to 1.5 mgm.
Effect on general development: Group A. Thiouracil at the dosage level
of 0.25 gm. per 100 gm. of diet was fed to twelve female rats as soon as
pregnancy was established. This treatment was continued following parturi-
tion until weaning, at which time the
same dose was administered, mixed in go CONTROL RATS
the feed, to the young. The total dos- THIOURACIL FED
age amounted to an average of 0.035 0.25% o -o0
gm. of thiouracil per day per adult rat 270 05 x 4 1.0 % through the periods of pregnancy and cr
lactation. The young hypothyroid ani- v
mals ingested an average of 0.021 gm. Z50
of thiouracil per day following wean- x
ing. At birth the treated newborn rats ,,,3/
showed no significant difference in /
weight from those of the control ani- L
mals. The average birth weight was° IC
0.5 gm. less than that of the control 0 10 20 30 40
animals, but was within the range of DAYS OF AGE
normal variation. During the first FIG. 3. Growth rate of normal animals
few days there was no remarkable and those fed varying concentrations of few days tere was noremarkablethiouracil.
difference in growth rate. After the
third or fourth day, however, it was apparent that growth, as measured by
body weight, was inhibited in the treated animals. By the fourteenth day
the difference was very apparent, and marked by the twentieth day. After
weaning, the growth rate decreased still more; but in the ninety days under
observation, the growth of these rats had not stopped (Fig. 3). During the
forty days recorded, although significantly behind the normal animals in
growth and weight gain, these animals did not lag behind the controls in
the appearance of hair, opening of eyes, and date of weaning. It was noted,
however, that the hair persisted as soft fur instead of changing to adult
coat, usually found in the third week of life. The shape of the head remained
blunt (see Fig. 4). Neurological manifestations were noted, in that the gait
of these animals was ataxic at varying times after the thirty-fifth day. The
body temperature was lower than that of the control animals, and the skin
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had a peculiar thickness and loss of elasticity. The animals would huddle
together when sleeping. They were aroused slowly by a tactile stimulus
but, once aroused, showed a brief, unexpected burst of activity. In total
activity they were obviously retarded in comparison to the normal animals,
a retardation which at times approached lethargy. There was no mor-
tality in this group, except for a small number succumbing to maternal
cannibalism.
Group B. Twelve pregnant female rats were fed 0.5% thiouracil as
described previously. This was an average of 0.071 gm. of thiouracil per
day per rat for the adult, throughout pregnancy and lactation. After wean-
ing, the cretin-like progeny ingested an average of 0.037 gm. of thiouracil
per rat per day. The newborn rats of this group averaged 1 to 1.5 gm. less
in body weight than the newborn controls. Developmental rate was even
more profoundly depressed in this group than in those treated with 0.25%
thiouracil (see Fig. 3). Typical cretinoid appearance was noted earlier and
was more marked. Uncoordinated stiff gait and muscle movements ap-
peared earlier and were more marked than in the previous group. Soft,
immature fur persisted throughout the life span of these animals. The
weaning date was postponed because of retarded development until about
the twenty-fifth day of life. The growth plateau was reached at varying
times in these animals, from the fifty-second to the seventy-ninth day, at
which time they remained at a steady weight or lost weight. In general,
these animals showed the same manifestations of hypothyroidism as the
previous group, except that here they were more marked, more severe, and
appeared earlier. The mortality in this group of animals between the times
of weaning and reaching the growth plateau was zero. Death was an in-
evitable sequel from one to three weeks after growth had ceased, even if
thiouracil therapy was withdrawn. There was approximately a fifty per cent
mortality among the newborn because of maternal cannibalism. With-
drawal of thiouracil therapy was carried out in two groups of these animals
whose growth had not stopped at the twentieth and fortieth day of therapy.
Thereupon growth rate was very rapidly accelerated, with eventual loss of
cretinoid characteristics.
The thyroid glands of newborn treated animals appeared slightly
enlarged and grossly hyperemic. Microscopically, two types of changes
were found, i.e., hyperplasia of cells, and absence of colloid in comparison
with thyroids of normal newborns. The thyroids of the normal animals
consisted of solid cell masses with little connective tissue in some cases,
while others suggested beginning differentiation into solid cell cords, and
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still others showed beginning development of colloid substance with follicles
of varying number and size. The animals treated with thiouracil, on the
other hand, showed absent or scanty colloid which stained lightly. The
acinar cell height was increased above that seen in the normal; and the
follicle formation was generally more regular and prominent, but disorderly
hyperplasia often obscured the normal detail. Enlarged, hyperplastic, and
colloidless goiters were found in all animals of advanced age. By forty days
the thyroids of the thiouracil-treated animals were at least fifteen times
the weight of the thyroids of normal animals. Hematoxylin-eosin stain was
used in the thyroid preparations.
Group C. Fifteen pregnant female rats were fed 1% thiouracil as
described. At this dose level these animals ingested 0.091 gm. of thiouracil
per rat per day. In this group, six of the rats did not deliver, but resorbed
their young. The nine remaining rats had prolonged gestation periods from
twenty-three to twenty-seven days. Newborn mortality from maternal can-
nibalism was very high. Out of nine litters, only fourteen animals reached
ten days of age; five of these animals lived to twenty-one days, and two of
these lived to thirty-five days. Growth was almost at a standstill, the growth
plateau was reached by the tenth day (see Fig. 3). Fur never developed
completely, and the animals showed scattered areas of nude skin. Eyes
opened seven to nine days late. No teeth developed. The animals could not
walk, but crawled about the cages in newborn fashion. No animals in this
series were weaned, and all succumbed to maternal cannibalism.
General effects. The food intake of the 0.5%o thiouracil-fed adult rats was
about 40%o lower than that of the normal controls. This was also true of the
thiouracil-fed pregnant rats and weaned cretins. Although this matter will
be dealt with in another paper,' mention of it here seems warranted because
a decreased food intake during gestation might well have a deleterious effect
upon growth of the fetus; and following delivery, this decreased nutritional
status might well have caused a decreased milk production in the maternal
rat. Preliminary microscopic examination of the breasts of lactating
thiouracil-fed rats who ate their young tends to support the idea of a poor
state of function. No studies were performed on possible alterations of
vitamin metabolism in the hypothyroid animals. No pathological changes
were noted in the bones of the cretin-like rats in radiological studies.
Thyroidectomy was not performed on newborn animals for comparison,
but the results presented here compared well with those of Scow and
Simpson.'
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Discussion
Following the initial report of Hughes" on the production of an experi-
mental condition similar to cretinism by the use of thiouracil, there have
been a number of similar observations,9'' although propylthiouracil was
said not to affect growth in beagle puppies.' Three points have been
stressed generally; inhibition of thyroid function, production of goiter, and
decreased growth rate. It appears obvious from the data already published
and the results presented in this paper, that thiouracil depresses thyroid
function in newborn rats so as to produce a cretin-like result. The method
used here differs from previous reports in that the cretin-like rat was sub-
jected to an athyroid developmental period, rather than having the function
of the gland suppressed following birth. The use of thiouracil seems advan-
tageous over thyroidectomy in that operative trauma and its sequella are
obliterated; there is no question of parathyroid damage or thyroid rem-
nants; and it presents the unique advantage of enabling one to thyroid-
ectomize chemically both mother and litter before parturition occurs. There
appear to be certain disadvantages in the method, however, among which
a toxic effect of the drug is the foremost.
From the results mentioned, the response to thiouracil varies from animal
to animal. This is best seen in the slight difference in growth rates of
animals on the same dosage of drug, the time of plateauing of growth
curves in the 0.5%o thiouracil-fed animals (which varied from fifty-two to
seventy-nine days), and the onset of neurological symptoms. There is no
obvious explanation for this variation. One may postulate that these dis-
turbances occurred because of accumulative toxic effects of the drug, or
because of the inability of the experimental animals to carry on without
their thyroid mechanisms, or possibly because of the loss of other organ
functions dependent upon thyroid function. Concerning the toxicity of thio-
uracil, the animals on 0.5%o thiouracil ingested an amount which approxi-
mates the dose which has been used for human subjects. Despite this fact,
Williams et al.' have reported that the changes produced in animals by
this dose, excepting agranulocytosis, can be attributed to decrease in thyroid
function alone. No pathological changes were found in the liver, kidneys,
lungs, or intestines of the autopsied animals.
Suggestive evidence is presented that thiouracil, in acting upon the
thyroid, does not do so in all-or-none fashion, but does so quantitatively in
relation to the dosage level used. This can be seen from the differences in
the birth weights of the experimental cretins and the rates of development
which varied with different doses. Among the animals given the largest
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dose of thiouracil, it is clear that an adequate dose completely inhibited
thyroid function as expressed in terms of the growth of a young animal.
The reverse is also apparent: for when the treated animal is taken off
therapy, growth very quickly spurts ahead. The difference in growth rate
between the 0.25%o and 0.5%o thiouracil-fed animals may well be a differ-
ence in degree of suppression of thyroid function. This same fact may
explain the irregularities seen in individual animals, and the fact that the
growth plateau and onset of neurological symptoms varied in time. If, for
example, because of inadequate absorption, or unequal distribution of con-
centration of thiouracil in the body tissues and fluids, or a chance intake of
a smaller amount, the effective inhibiting concentration of thiouracil in the
body tissues and fluids was lowered for a time, then the thyroid could
manufacture a small amount of hormone which might produce the observed
difference. It is not unreasonable, also, to assume that small amounts of
thyroid hormone could be formed and liberated by the thyroids of the
animals fed 0.25%o thiouracil. This would be less in degree in the 0.5%o
thiouracil-fed animals, and virtually absent in animals fed the 1o dose.
Differences in growth rates may then be related to the amount of thyroid
hormone manufactured and liberated in the three different groups of
animals.
The apparent changes in the thyroid glands of the newborn treated rats
are presented as a further proof of placental transmission of thiouracil,
and the beginning of development of hypothyroidism in titero. Because
thyroid function begins in the fetal rat about the eighteenth day of gesta-
tion,10 and because placental transmission of thiouracil had taken place at
that time, there would be at least four days for thiouracil to act upon the
fetal thyroid (provided birth of the fetus had not been delayed). This
would further necessitate the postulation of the ability of the fetal hypo-
physis to produce thyrotropic hormone.8 Reduced maternal thyroxine cir-
culating to the fetus might cause hyperplasia and outpouring of thyrotropin
of the fetal hypophysis. Lack of this hormone (i.e., thyroxine) to the fetus
may also affect early development. Another possibility exists that fetal
thyroid hyperplasia may be brought about by transmission of maternal
thyrotropic hormone crossing the placental barrier. This possibility needs
further confirmation, but it does not seem likely because the pituitary
hormones are protein in nature and of large molecular size.
Summinary
1. Experimental cretinism was produced by feeding thiouracil to
pregnant female rats.
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2. Thiouracil crossed the placental and mammary barriers.
3. Growth and early development of the offspring were retarded.
4. The thyroid glands of the newborn treated animals showed the hyper-
plastic effect of thiouracil.
5. The effect of thiouracil on the thyroid gland was a quantitative one;
the degree of thyroid inhibition was directly related to the dosage of drug
used.
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